The emergence of simulating human movement and behaviour rose in order to imitate and replace human interference with this complex demeanour. It is so diverse and uncontrollable to the extent it is almost impossible to undergo exhaustive experiments. Hence, simulating this model is crucial. Especially in designing a public area where human density is too much concentration and the need for properly planned traffic or human movement is very much needed. For that, simulations and modelling are always the best options for investigating human behaviour. In this research work, the aim is to investigate how effective and to what extent the Agent-Based Simulation (ABS), Discrete Event Simulation (DES) and hybrid of both give benefits to the society adequately. Its expected results will be an improved and better version of human pedestrian movement in the airport of the departure process simulation model.
INTRODUCTION
Airports have its own architectural design concept that differs in many aspects from any other types of building. It usually designed to accommodate a large sum of air travellers and visitors. That explains why it was built spaciously and usually systematically. As human movement or specifically pedestrian movement is so dynamic and varies, modelling it will not be an easy one. Especially when using tools that are too dependent on the pre-determined instructions which are a contrast to how humans behave.
There are a series of procedures that must be done in an airport terminal right before departure. Generally, those are; i) baggage check/ screening, ii) check-in, iii) immigration check, and iv) identity check before boarding. These are important procedures that air travellers need to go through before boarding any aeroplanes. It must be done systematically and in control to avoid any illegal airboarding and for the cause of security [1] .
As much as a solar system's replica would benefit in giving understanding to researchers and society, the same benefit applies to an imitation of a system. It mimics the real system in order to give understanding and helps in seeking improvements for those who involved with it. To have a clear view of how an emergent behaviour corresponds with good building layout designs in a pedestrian movement, the importance of modelling the simulation is very much crucial to be taken care of. Some previous researchers agree to the fact that simulating pedestrian movement behaviour using Discrete Event Simulation (DES) and Agent-Based Simulation (ABS) is possible. Of course, both need different approaches for its compatibility with dependent entities and independent agents.
Despite having different kinds of the public area and public transportation in Kuantan (Pahang, Malaysia), the airport terminal is chosen due to its systematic procedures before travellers airborne the aircraft. The security level and systematic procedure are also present in the airport departure process compared to any other transportation services here. The scope is then narrowed down to the departure process only instead of having the arrival process included. The narrowed down scopes will ease the process to investigate the key points of DES, ABS and hybrid of ABS/DES simulation results when modelling complex human pedestrian movement system. Later, a conceptual model of a hybrid of ABS/DES by using the individual-centric approach can be developed in order to represent each individual type of agent and its interaction.
The paper organization are as follows; Section I is the introduction to the research work. The next section is some literature review of related works. It is divided into three subsections which are; i) human pedestrian traffic flow, ii) human movement and the simulation model and the last one is, iii) comparative studies on human behaviour. For section III, there are seven sub-sections named A until H. In this section, there are discussions about related works including the research methodology, simulation approaches, tools and technology, research scopes, theoretical structure, layout design and conceptual model. Then, section IV describes the research outcome based on the case study. It is related to the simulation and modelling of pedestrian movement for an airport departure process. Some conclusions and discussions are provided by the end of this research work.
II.

RELATED WORKS
A. Human Pedestrian Traffic Flow
As time passes by, the transportation system of the world has evolved. From solely depending on the human himself, to the switch of dependencies to engines and wheels. But anyhow, walking is still important for human to travels from one point to another of a certain distance depending on the location and ability of the human pedestrian. Literally, walking is not classified as a type of transportation and it is actually a type of human movement. Even so, it did help human to reach a point without any machine interference.
An understanding of how a pedestrian's flow impacted from the designs of a walkway and building's architecture is something not to be neglected in this study. For example, the presence of a gateway in a crowded walkway may cause a serious bottleneck effect to the traffic flow. Also, an escalator appearance in an area may slow down the heavy pedestrian's traffic flow [2] [3] .
Urban airport management faces quite a massive challenge from different and asynchronous flows that, in which in this manageable and specific context, expected passengers' behaviours is also taken into consideration. Arrival and departures patterns, airport's operations and other pursuits are all related to so many regulations of an airport [4] . Therefore, modelling a reliable and realistic human pedestrian model is very important. This pedestrians' behaviours diversities are best depicted through simulation modelling [2] .
B. Human Movement and Simulation Model
Modelling and empirical study of pedestrian movement are imperative to analyse the emergent and complex behaviour [5] [6] . It is important to aware that to develop a simulation model, the best practice is developing it by imitating the real system's scenarios. It must be followed by fulfilling its basic rules and general principles. Other than that, simulation model is said to give the idea of how a reallife system may work and it acts as a supporting tool to aid in making decisions and do predictions. A model of the complex human behaviour systems, simulation has been used as a preferred tool in operational research to model and illustrate the movement and behaviour of the pedestrian.
In developing an airport infrastructure, modelling and simulation play an important role in giving a clearer view of how it will operate. This is how an operation optimisation can be achieved [7] [8] . Based on past research work done by various researchers, it was verified that ABS and DES are suitable to coexist in achieving their objectives. This combination is able to replicate autonomous decision-making action and interacts with each other as what human being always did. Hence, here is where the idea of hybridizing both ABS and DES came in order to achieve an objective of modelling the complex human pedestrian movement.
DES is composed of multiple nonspecific components that coexist making it a stochastic model. This characteristic allows DES to replicate a queueing event of a system which is widely used by manufacturing and service-oriented industries. In other hands, ABS boasts the ability in terms of the system's natural representation, flexibility and its ability to cope with the emergent phenomenon. These characteristics make ABS a convenient technique to mimic the unpredictable human behaviour and describe a system naturally. Hence, an almost real-life simulation model can be developed.
C. Comparative Studies on Human Behaviour
Important to realize that the pedestrian's movement has a relationship between the flat corridor and an environment or building's architecture, which requires more understanding from it. Exhaustive experiments are impossible to capture the emergence of pedestrian behaviour in the airport. There are many travellers and passengers in the airport terminal and this leads to extending the data collection timeline due to complex individuals' preferences or decisions to. In addition, it is to overcome complex problems as discussed above. For this reason, it can be analysed that 8 out of 11 research papers combine ABM and DES for the pedestrian movement and human-related operational research as presented in Table  I (appendix). It can be summarized that ABS is decentralized based on the abstract and DES is centralized based on the process-oriented. This research involved the pedestrian in the airport for the passengers and focuses on the departure process.
III. RESEARCH WORK
A. Research Methodology
This is the research methodology for the simulations on the pedestrian behaviour in the airport for the departure process as depicted in Figure 1 . A case study is important for observing DES, ABS and hybrid of ABS/DES's compatibility in modelling human behaviour. In order to attain adequate human behaviour data for modelling a human-centric system, the idea of selecting a precise system is narrowed down to the customer service sector.
The next phase is data collection which is to collect sufficient data for modelling the research problem, where the quantitative method of research techniques is used. Any countable data are recorded and analyzed to form a logical statistical analysis. Then, the phase of conceptual model development is important in order to have the flowchart, state chart, conceptual model, and the theoretical structure. It will be discussed further in the next section. The last phase is the model implementation, and the verification and validation process (V & V). The V & V process will be using sensitivity analysis and significant for the developed simulation models. 
B. Simulation Approaches
The following literature review was made by narrowing down the scope to; i) main techniques used in its operational research, ii) operational research on movements, and iii) case studies that involve airport operations. By referring to Table  1 , it was clearly shown that both DES and ABS are the two most frequently used techniques to simulate various types of movements and behaviours. ABS was listed as the most frequent techniques followed by DES with a difference of two frequencies. Almost every operational research that involves movements uses DES to represent a discrete queueing system. It fulfils the queueing theory where DES originates from [9] .
In order to simulate a sudden and unpredictable situation, ABS play an important role to represent this. Again, ABS also seems to appear in almost every operational research that relates to movements. With that, it explains well the fact that ABS can cope with the emergent phenomenon and replicate the real situation as closest possible [10] . [5] . Even though the research techniques used are not much related to this research work, it did share some ideas on how human behaviours in airports are managed.
By referring to
A complex human pedestrian movement model can be achieved by combining these two techniques making it possible to attain the realistic simulation model. The development of a simulation model related to pedestrian movement oriented system by using the combination of ABS/DES will then nurture the knowledge on its benefits to the society [10] .
C. Tools and Technology
There are various types of tools that facilitates the modelling of human pedestrian movement based on the selected case study which is the departure process in an airport. In order to simulate the human pedestrian movement, the options of using simulation software can be either open source or proprietary. In this research work, Anylogic 8.3.2 Personal Learning Edition is chosen based on its capabilities in supporting both ABS and DES techniques, providing costfree tools and its up-to-date technology. Besides that, it is capable to develop a realistic simulation model of human pedestrian movements with regards to the selected case studies [6] .
The modelling tool is based on the pedestrian, building and the systems (e.g. airport management system) [4] . There are some parameters, and performance measurement need has been considered which influence the experiment result of the crowd evacuation simulation. The upcoming conceptual model will give details on these elements in order to simulate the human pedestrian movement as the case study.
D. Research Scopes
The scope of this research works can be summarized as follows:
 To simulate pedestrians' movement in an airport  Observation on the pedestrians' movement and behaviour during the departure process  Computational simulation using Anylogic tool  The characteristics of the simulation model such as performance measurements  Using simulation approaches as described in section III which are DES, ABS and combine DES/ABS
E. Theoretical Structure
The passengers' activities in the airport for the departure process as presented in Figure 2 . It indicates the human pedestrian movement for the passengers' behaviours. Figure  2 , shows the theoretical structure for the airport passengers' activities. There are four main activities which are; i) before the baggage screening, ii) activities before check-in, iii) activities before immigration check, and possible iv) activities before boarding. There are some similar activities in each division such as; wait, shop, inquiry and facility use.
It can be said that these activities have been done by the passengers in each division. Hence other activities are significant to some divisions such as the luggage screening happen before check in while the act of entering the hall is the first activity happen before other activities as depicted in Figure 2 . Next section will explore the layout design and conceptual models for this research. 
F. Layout Design
The layout design for simulating and modelling the human pedestrian movement based on the case study can be seen in Figure 3 . In general, the real data was collected as the case study. The main components were observed and analyzed as discussed in the previous section. The layout was designed for the simulation tool to model the scenarios and all the activities related to the departure process. 
G. Conceptual Model
Based on the theoretical structure and the layout design, the simulation models will be developed based on the three techniques which are ABS, DES and combined ABS/ DES. The illustration of the passengers' activities in the airport for the process of departure is depicted in Figure 4 . The simulation models will be developed with the computational simulation tool as discussed in section tools and technology. Refer to the illustration in Figure 4 , the passengers move to the main entrance as the arriving travellers. The normal process for travellers is the queue activities before the luggage screening.
Figure 4: Illustration of passengers' activities
Then, the travellers queue again at the check-in counters. The activity of custom check also asks the travellers to queue before the travellers going inside for boarding at the boarding gate, just before travelling on the flight. All these activities have been observed and happen in the boarding process as the illustration designed as below. In order to develop all the three models based on the three techniques as described before, the conceptual model has been designed and presented in Figure 5 . The performance measurements are the parameters based on the conceptual model presented in Figure 5 for this research works. This is significant for the V&V process for all the models in order to simulate the case study for the travellers. This is the human pedestrian movement model as described and focused on the departure process.
I.
RESEARCH OUTCOME These research works revealed the significance of elements for modelling the human pedestrian movement of the departure process in the airport using the simulation models. The proposed techniques are DES, ABS and combined DES/ABS and the experimental results will be analysed in the V & V process later. The analysis reveals the most suitable model or the simulation technique based on the sensitivity analysis method using a t-test with the p-value. It will be the future works for this research. The purpose of such combination of three models is to examine how all these various human behaviours from every models might give impact to its results. From this research work, the outcome is as described including the designs of the conceptual model, the theoretical structure and together with the illustration. This is important in order to develop the simulation models based on the case study with its specific performance measurements and to investigate the impact and significant proof related to the research hypotheses.
A. Pedestrian Behaviour for Departure Process Simulation Model
The simulation models for the pedestrian movement for all the travellers is one of the research outcomes. The designs have been made before the implementation process to continue the experimental and analysis process based on the research methodology. As described above, in order to have the simulations model, the three techniques are used and its impacts are observed resulting comparisons of these three techniques. The idea was simplified as presented in Figure 5 . The hypothesis or the expected outcome from the experimental results related to the three simulation models will be analyzed. It will show the significant and appropriate model related to the performance measurements.
II.
DISCUSSION. AND CONCLUSION
A. Discussion
This human pedestrian movement simulation which conducted in an airport is developed in order to give understanding and to make predictions on the results that may come out depending on the performance measurements parameters. The models are modelled depending on the collected passengers' data obtained from observations made in the airport. Input gained from various service stages determines which parametric distributions that fits based on the observed data using various statistical measures. Hence, the best simulation model can be chosen.
B. Conclusion
This paper aimed for the human pedestrian movement in the airport based on the process of departure and specifically for the travellers. It also considers the various activities and travellers' behaviour (as in the case study). In order to produce the model more realistically for the pedestrian movement is impractical of cost and emergent behaviour of travellers. We proposed the three models to simulate the case study. More than that, the research work focused on the observation and investigation based on the techniques and characteristic in order to examine the performance. Based on some researchers declared that the hybrid model is better to apply in the simulation model based on the most popular choice, flexibility, better ways and powerful technique [6] . The research work investigates the performance and showed the results and analysis based the case studies as the future work. In terms of to have a realistic simulation model, the most significant elements for this research work are the parameters as performance measures. As we described previously, the proposed techniques for this simulation models are ABS, DES and combined ABS and DES.
